The epicuticular surface protein Lma-p72 is specific to the abdominal secretions of Leucophaea maderae (Madeira cockroach) adult males. Natural Lma-p72 was purified and the complete cDNA sequence determined by reverse-transcription PCR using primers based on Edman degradation fragments. Northern blot and in situ hybridization analyses showed that Lma-p72 was expressed in the tergal and sternal glands. Sequence alignment indicates that Lma-p72 is closely related to the family 1 glycosyl hydrolases (EC 3.2.1). Native Lma-p72 was proved to be active in the abdominal secretions and exhibit a β-galactosidaselike activity. However, weak specificity with respect to the C-4 configuration of the substrate was observed. Two main hypotheses were proposed concerning the function of this enzyme: Lmap72 could hydrolyse oligosaccharides from the male abdominal secretions, making them more phagostimulatory for the female during the precopulatory behaviour. The protein could also cleave a pheromone-sugar conjugate to release the pheromonal compounds on to the cuticular surface. Such a sugar conjugate could be a transport form. Data from the first in vivo inhibition tests indicate that a glycosidase could be directly involved in the production process of some pheromonal compounds in L. maderae males.
INTRODUCTION
Chemical communication is remarkably developed in insects and involves two main types of compounds. Volatile pheromones play a role mainly in sexual attraction and distance communication, whereas heavier and non-volatile molecules are essential for contact recognition. Until now, cuticular hydrocarbons were considered as the main fraction of a complex mixture of the compounds, commonly called 'cuticular waxes', that cover insect cuticles. The presence of exocrine proteins (surface proteins) in this layer was described in various insects, such as as honeybees (Apis mellifera), migratory locusts (Locusta migratoria) or stinkbugs (Pyrrhocoris miridae and Maladera matrida), but little is known about their function [1] . Surface proteins have been recently studied in Madeira cockroaches (Leucophaea maderae) [2, 3] and are found on the abdomen of these insects with different levels of specificity. General surface proteins are secreted on to the cuticular surface of both adult sexes [4, 5] , whereas other proteins, specific to abdominal glands of the adult male, are involved in the sexual behaviour [6, 7] .
In the cockroach Leucophaea maderae, a volatile sex pheromone produced by the male sternal glands attracts the female from a distance [8] . Once both sexes are in contact, the male raises its wings, displaying its tergal glands, which are covered with proteinaceous secretions. The female climbs on to the male back to feed on these secretions. Then the female is in a proper position for mating and the male grasps its genitalia. Different proteins were recently characterized from these secretions. Two
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male-specific tergal proteins, Lma-p18 and Lma-p22, were first characterized as belonging to the calycin superfamily [3, 9] . Both of these proteins could bind sexually attractive compounds, similarly to other members of the calycin superfamily [10] , or play a pheromonal role by themselves as structurally related lipocalins [11] . Those cockroach calycins were proposed to constitute an orientated cue for the females on to the male tergites (dorsal body plates) [3] . A third exocrine protein, Lma-p54, was described in both sexes [2] . This protein was characterized as belonging to the aspartic-proteinase family and was proposed to be involved in intraspecific contact recognition [5] . These previous studies suggest that surface exocrine proteins may be involved in the chemical communication in cockroaches.
The present paper reports the characterization of Lma-p72, a new male-specific surface protein in L. maderae. The complete nucleotide sequence encoding the protein was obtained and the localization of its expression was investigated. The enzymic activity of Lma-p72 was demonstrated, and its involvement in the production of sexually attractive compounds suggested.
EXPERIMENTAL

Insects
All the experimental conditions for rearing the insects and the methods to analyse protein secretion are the same as those previously described [2] . Briefly, insects were immobilized by cooling them 15 min at 4
• C, and the surface abdominal secretions wiped with a small paintbrush soaked with water. For SDS/PAGE analysis, proteins were precipitated in 75 % (v/v) acetone. Samples were kept overnight at − 20 • C, and then centrifuged at 10 000 g for 15 min. The pellet was dissolved in water. For enzymic assays and protein purification, the total secretion was directly dissolved in the appropriate buffer.
Gel electrophoresis
Samples containing proteins were mixed with sample buffer (1:1, v/v) containing 0.1 M Tris/HCl, pH 6.8, 2.25 % (w/v) SDS, 0.36 mM β-mercaptoethanol, 3 % (v/v) glycerol, 2 mM EDTA, 0.05 % (w/v) Bromophenol Blue and heated for 3 min at 95
• C before being loaded on to the gels. Proteins were electrophoresed under denaturing conditions on SDS/10 %-(w/v)-PAGE gels [12] on a Bio-Rad mini-gel apparatus. The gels were fixed, then stained for 1 h in a solution of 50 % (v/v) methanol containing 10 % (v/v) acetic acid and 0.25 % (w/v) Coomassie Blue R250 (Merck) and destained in 30 % (v/v) methanol with 10 % (v/v) acetic acid.
Protein purification
The sternal proteinaceous secretion of 100 males was dissolved in 60 mM potassium phosphate, pH 6.0, and Lma-p72 was purified by either gel filtration or anion-exchange chromatography. Exclusion-diffusion chromatography was performed through a Superdex 75 HR 10/30 TM column (Amersham Pharmacia Biotech). The gel was equilibrated with 60 mM potassium phosphate, pH 6.0, and the elution carried out at 0.5 ml/min. Anion-exchange chromatography was performed using a Mini Q PE 4.6/50 TM column (Amersham Pharmacia Biotech). After loading the sample, the column was washed with 20 mM BisTris propane buffer, pH 7.2, and the elution was achieved using a linear gradient with the same buffer from 0 to 0.4 M NaCl in 33 min, then from 0.4 to 0.8 M NaCl in 12 min. The flow rate was 0.5 ml/min. In both cases, the absorbance was recorded at 280 nm; the collected fractions were submitted to SDS/PAGE analysis and to enzymic assay.
Protein microsequencing
The sternite (ventral-body-plate) surface proteins were separated on SDS/10 %-(w/v)-PAGE gels [12] and electroeluted to a PVDF membrane [13] . Lma-P72-protein-containing bands were cut out, digested in situ with trypsin endopeptidase and the resulting peptides were separated by reverse-phase HPLC on a C 18 column (LiChrospher R , Merck). Fractions containing each peptide were sequenced on an automatic protein sequencer (Applied Biosystems), and the sequences of two peptides were thus determined.
cDNA cloning
Polyadenylated RNAs (6 µg) from sternites were reversetranscribed using Superscript preamplification system kit (Life Technologies).
Lma-P72 cDNA was amplified by PCR using two degenerate oligodeoxynucleotides [TAYCAYATGTAYGAYGARGA, GCRTTRAANGCRAARTARTC (N = A/T/C/G, Y = C/T and R = A/G)] as forward and reverse primers respectively. These oligonucleotides were deduced from the peptidic sequences YHMYDEE and DYFAFNA respectively. Each cycle comprised 1 min at 94
• C, 1 min at 45 • C and 2 min at 72
• C; the last cycle was a 10 min extension step at 72
• C. Reaction was performed in 50 µl containing 50 pmol of each primer, 0.2 mM deoxynucleotides and 1 unit of Taq polymerase (Life Technologies). The 300 bp fragment was subcloned in a T/A cloning plasmid (pGEM-T easy; Promega) and was sequenced on both strands by the dideoxyribonucleotide method [14] . On the basis of the sequence of this fragment, three specific oligonucleotide primers were synthesized and used for rapid amplification of 5 and 3 rapid amplification of cDNA ends (RACE) [15] .
In order to obtain the 5 end, the following protocol (5 RACE system; Life Technologies) was used. The first-strand cDNA was poly(C)-tailed using terminal transferase and was used as template for PCR using the oligo(dG/dI) adaptor primer (GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG) and an internal 5 specific primer (TAGAACAGCAAGTAACGCGC). This product was then used as template for a second nested PCR using an Abridged Universal Amplification Primer (GGCCACGCGTCGACTAGTAC) and a second 5 specific primer (CCTTTTTGACTCTCACGAAAC).
The 3 end of the transcript was amplified from first-strand cDNA using an oligo(dT)-adaptor primer [GAATTC(T) 18 The 5 and 3 fragments were subcloned in a T/A cloning plasmid and sequenced on both strands.
Northern blotting
Total RNA was extracted from male tergal and sternal glands and from whole tergal glands of females and last nymphal stage males. Total RNA (15 µg) was run on a denaturating formaldehydeagarose gel and transferred to nylon membrane (Hybond N+; Amersham) then hybridized with a 32 P-labelled cDNA probe in hybridization buffer [6 × SSC (1 × SSC is 0.15 M NaCl/0.015 M sodium citrate)/50 % (v/v) formamide/0.5 % SDS/100 µg/ml salmon sperm DNA] at 42
• C overnight, washed in 0.2 × SSC/0.1% SDS at 42
• C and autoradiographed.
In situ hybridization
The 5 -TAGAACAGCAAGTAACGCGC-3 oligonucleotide was end-labelled by T 4 polynucleotide kinase and used as a probe for in situ hybridization. Cryosections were deposited on poly-(L-lysine)-coated slides. After three washes in PBS (130 mM NaCl/7 mM NaPO 4 /3 mM NaH 2 PO 4 , pH 7), sections were incubated in 0.2 M HCl for 10 min and acetylated using acetic anhydride, and then dehydrated in increasing concentrations of ethanol [50, 75, 95 • C (15 • C under the calculated melting temperature). After six washes (20 min each) in 4 × SSC, and one wash (45 min) in 2 × SSC, slides were dried in a desiccator, coated with Ilford K5 emulsion, and exposed for about 1 week at 4
• C before observation.
Enzymic assays
Total tergal proteinaceous secretion from males or females (10 individuals) was diluted in water containing 1.8 mM 5-bromo-4-chloroindol-3-yl β-D-galactopyranoside (X-Gal). Proteinase K TM (0.5 mg; 30 units/mg; Sigma) or 10 mM D-gluconolactone were added in some samples. The final reaction mix was incubated for 16 h at room temperature and the absorbance was measured at 420 nm. For enzymic assays with the Lma-p72 fractions purified by chromatography, the reaction was performed in a buffer containing 60 mM potassium phosphate, pH 6.0, and 1.8 mM X-Gal.
In vivo inhibition tests
In the first experiment, 15 day-old-males (n = 10) isolated at the imaginal moult were injected with an aqueous solution of 2 M D-gluconolactone (2 µl). The second experiment involved applying on to the sternite surface, daily for 3 days, a solution of 4 M D-gluconolactone. On the fourth day, volatile compounds were extracted for 2 h in methylene chloride after dissection of the sternites. Other treated males (n = 10) were used for quantifying their cuticular hydrocarbons (extraction was for 5 min in pentane). 2-Phenylethanol or tetracosane were added to the extracts as internal standards. After concentration under a stream of nitrogen, aliquots were analysed by GLC using a Chrompack (Middleburg, The Netherlands) CP 437 A gas chromatograph fitted with a split-splitless injector (30 s split, 20 ml/min) and a flame-ionization detector. Injector and detector temperatures were respectively 260 and 280
• C. For both experiments, the column used was a DB 1701 TM fused silica capillary column (30 m long × 0.32 mm internal diameter; Chrompack). Hydrogen was used as carrier gas at a velocity of 25 ml/min at room temperature. The oven temperature was programmed at 40
• C for 2 min, 20
• C/min for 1 min, then 2 • C/min to 240 • C. The signal was recorded and integrated on a computer fitted with Maestro software (Chrompack). Results were compared two-by-two with a Mann-Whitney U-test.
RESULTS
Analysis of the secretions
SDS/PAGE analysis showed that abdominal proteinaceous secretions of L. maderae contained four major proteins ( Figure 1) . As previously described, a 54 kDa protein, named Lma-p54, was present on the abdominal surface of both sexes, whereas two other proteins with low apparent molecular masses, respectively Lma-p18 and Lma-p22, were specific to the male tergites [2] . A major protein band with an apparent molecular mass of 72 kDa, named Lma-p72, was also male-specific, but was present in larger amount on sternites than on tergites. None of these four major proteins were observed in nymphs.
Isolation and characterization of Lma-P72 cDNA
A PCR approach coupled to 3 and 5 RACE was developed to isolate the full-length cDNA coding the Lma-P72 surface protein of the male tergites and sternites. Electrophoretic analysis of the selected amplified cDNA on 1 %-agarose gel showed a single PCR band of 314 bp.
Specific primers taken from the corresponding sequence were then used for the amplification of the 5 and 3 ends of the corresponding cDNA. The cDNA sequence obtained presents an open reading frame of 1602 nucleotides, followed by a 3 untranslated sequence of 138 nucleotides. Only five nucleotides from the 5 untranslated sequence were obtained. The deduced protein is composed of 534 amino acids with a calculated molecular mass of 61.3 kDa and a pI of 5.61. The difference between the molecular mass observed on SDS/PAGE and deduced from the amino acid sequence of Lma-p72 may be due to posttranslational modifications of the protein; Lma-p72 may also be glycosylated or phosphorylated. The sequences obtained after Edman degradation of the protein extracted from the male sternal secretion were found from positions 93 to 95, from 240 to 249 and from 338 to 346. The hydrophobicity profile [16] revealed that the first 18 amino acids are hydrophobic and that they probably correspond to a signal peptide with a putative cleavage site [17] between residues 18 (cysteine) and 19 (leucine). This signalpeptide prediction confirms that the first methionine residue of the peptide sequence should correspond to the initiation methionine residue.
When submitted to the BLAST program [18] , Lma-p72 protein showed significant sequence similarity with family 1 glycosyl hydrolases (EC 3.2.1.-). The percentages of identity comprised between 39.5 and 44.6 % with a β-glycosidase from the midgut of the coleopteran Tenebrio molitor (the yellow mealworm) [19] , with intestinal lactase-phlorizin hydrolases (LPHs) from rat [20] and from human [21] and with a human cytosolic β-glucosidase (GenBank R accession number AF317840). The patterns defining the family 1 of glycosyl hydrolases in the N-terminal region and in the C-terminal region (around the active-site glutamate residue) are present in the Lma-p72 sequence. Secondarystructure prediction shows that Lma-p72 would contain 13 β-strands and 13 α-helices [22] . Tertiary-structure prediction with the program 3D-PSSM [23] concludes that Lma-p72 presents a (βα) 8 or TIM barrel folding, which is characteristic of the family 1 glycosyl hydrolases.
RNA expression profile
The first obtained 314 bp cDNA was used as a probe to check the male-specificity by Northern-blot analysis. As shown in Figure 2 , a single mRNA of approx. 1900 nucleotides was detected in adult male tergite and sternite extracts, while no signal was observed in midguts. Lma-p72 transcript was not expressed in nymphs and females, as expected from SDS/PAGE analysis. Compared with SDS/PAGE analysis, the expression of Lma-p72 by Northern blotting seems to be higher in sternites than in tergites. This may be due to differing determination of the sample concentration, which was made as individual equivalents for SDS/PAGE and in There is no expression of Lma-p72 transcript in the intestinal epithelium ('ie'). mg of total RNA for Northern blotting. So the concentration of the Lma-p72 transcript among total RNA would seem to be the same in both tergites and sternites, while the general amount of expression would be higher in sternites.
Histological localization
In situ hybridization analyses were undertaken on tergite, sternite and midgut sections. Lma-p72 transcript was expressed faintly in the whole length of the glandular epithelium of the male second tergite ( Figure 3A) . However, in sagittal sections, labelling was more accentuated in the glandular region underlying the knob-like structure which is nibbled by females during mating behaviour ( Figure 3B) . Labelling of the well-developed sternal glandular epithelium was uniform in depth ( Figure 3C ), whereas the whole gland was strongly labelled ( Figure 3D ). Lma-p72 is specific to adult males, and the transcript was not expressed in the non-glandular epidermal epithelium from nymphal tergites ( Figure 3E ). As expected from Northern-blot results, no labelling was observed in the intestinal epithelium at the level of midgut ( Figure 3F ). 
β-Galactosidase activity of Lma-p72
In order to verify whether Lma-p72 was an active glycosyl hydrolase, we first used X-Gal as a chromogenic substrate to verify the presence of a β-galactosidase activity in the whole proteinaceous tergal secretions. Our data showed that tergal and sternal secretions from males cleaved X-Gal efficiently ( Figure 4) . The β-galactosidase activity was fully inhibited by the addition of Proteinase K in the reaction mixture, and the measured absorbance at 420 nm diminished to a level similar to that of the control containing no X-Gal. These observations indicate that the β-galactosidase activity is due to an enzyme. The β-galactosidase activity in male tergal secretions was also fully inhibited by the addition of D-gluconolactone, which is a general inhibitor of glucosidases. Regarding these results, we can conclude that the enzyme responsible for the β-galactosidase activity is also able to bind β-galactosides and β-glucosides. The lack of activity in female tergal secretions is congruent with the general expression pattern of Lma-p72. Consequently, Lma-p72 has been purified from sternal secretions by chromatography in order to verify whether Lma-p72 was actually responsible for the β-galactosidase activity in male abdominal secretions. Anion-exchange chromatography allowed a good separation of the two major proteins of the sternal secretions: Lma-p54 and Lma-p72. The analysis of the fractions obtained revealed that the β-galactosidase activity was eluted along with the Lma-p72 protein.
These results confirm that Lma-p72 is an active family 1 glycosyl hydrolase that exhibits a β-galactosidase-type activity. Nevertheless, Lma-p72 is fully inhibited by the D-gluconolactone and should present a low specificity with respect to the C-4 configuration of the substrate.
In vivo inhibition of Lma-p72
Adult males of L. maderae were treated with D-gluconolactone in order to evaluate the potential effect of Lma-p72 inhibition on the production of pheromonal or cuticular hydrocarbon components. Two kinds of treatment were used: D-gluconolactone was either injected into the abdomen or topically applied on to the surface of the sternites. The amount of each compound was quantified by GLC in control (black bars) and treated insects after injections (white bars) or topical application (grey bars) of D-gluconolactone. Abbreviations: 3H2B, 3-hydroxybutan-2-one; R,R BUT, (2R,3R)-butanediol; SENEC. Ac., senecioic acid; (E)-2-OCT. Ac., (E)-oct-2-enoic acid; H1, n-heptacosane; H2, 11-and 13-methylheptacosane; H3, 3-methylheptacosane. Experiments were repeated ten times and the average amount (ng) of each compound (mean + − S.E.M.) is represented. *P < 0.05; **P < 0.01.
The male sexual pheromone of L. maderae contained four main volatile compounds: 3-hydroxybutan-2-one, (2R,3R)-butanediol, senecioic acid (ββ-dimethylacrylic acid) and (E)-oct-2-enoic acid (J.-P. Farine, unpublished work). After both D-gluconolactone treatments, the production of each compound was appreciably inhibited ( Figure 5A ). The decrease in production only of 3-hydroxybutan-2-one was not significant; the high inter-individual variability observed for this compound could explain these results. The inhibition of the synthesis of senecioic acid was significant only after topical applications. Consequently, D-gluconolactone seems to inhibit the production of at least three of the four major pheromonal compounds. Nevertheless, D-gluconolactone is known to be a general inhibitor of glucosidases and, thus, may inhibit not only Lma-p72, but also other glucosidases, which are important for the metabolism of the insects.
Four main cuticular hydrocarbons are found in L. maderae: n-heptacosane, a blend of 11-and 13-methylheptacosane, and 3-methylheptacosane (J.-P. Farine, unpublished work). No significant difference was observed for any of these hydrocarbons between the control and the treated insects after D-gluconolactone treatments ( Figure 5B ). So, if there is any physiological perturbation due to D-gluconolactone, this did not affect the production of hydrophobic compounds on the abdominal surface.
Consequently, a glycosidase should be directly involved in the production pathway of the pheromonal compounds.
DISCUSSION
We report here the molecular characterization of Lma-p72, a new male-specific cockroach surface protein. The sequence analysis revealed that Lma-p72 shares similarity to the family 1 glycosyl hydrolases. Within the large family of glycosyl hydrolases [24] , the family 1 glycosyl hydrolases is part of a wider group of glycosidases named 'clan GH-A', which comprises more than 250 members with 18 different substrate specificities [25] . This family contain the β-glucosidases and the β-galactosidases [26] [27] [28] [29] [30] . Glycosidases are known to cleave glycosidic bonds, releasing the terminal aglycone moiety of various disaccharides or oligosaccharides. Family 1 glycosyl hydrolases generally present a low substrate specificity, especially in regard to the C-4 configuration, which means that they are active on both β-glucosides and β-galactosides [31] . Our results reveal that it is certainly the case that Lma-p72 exhibits a β-galactosidase activity inhibited by a glucosidase inhibitor (D-gluconolactone). Glycosidic-bond hydrolysis by β-glycosidases is mediated by the two glutamic acid residues that confer the active site. Those two glutamic acid residues were identified as nucleophile and general acid-base respectively [27, 32, 33] and are located in two conserved sequence patterns: NEP and ITENG (one-letter amino acid code) [34] . In the Lma-p72 peptide sequence, these glutamic acid residues were found at the positions 202 and 414, along with the conserved patterns.
On the basis of their stereochemical behaviour and catalytic mechanism, glycosidases were separated in 'retaining glycosidases' and 'inverting glycosidases' [35] . In both types, the active site contains a carboxy group (corresponding to Glu 202 in the Lma-p72 numbering) and a carboxylate group (corresponding to Glu 414 in the Lma-p72 numbering), which are always conserved in each glycosidase family. In the inverting glycosidases, these residues, which show an average distance of 9.3 Å (0.93 nm), function as an acid or a basic catalyst respectively and operate with a single displacement of the leaving group. By contrast, retaining glycosidases, in which the two residues are closer, follow a two-step mechanism with formation of a covalent glycosylenzyme intermediate [36] . The carboxy group functions as a general acid-base catalyst and the carboxylate as the nucleophile of the reaction [37, 38] . All the family 1 glycosyl hydrolases are retaining glycosidases and the two glutamic acids involved in the catalytic process are located just after two β-sheets [39] .
The active site of β-glycosidase may be made of several monosaccharide residue-binding subsites. The glycosidic linkage to be cleaved corresponds to the linkage between − 1 (glycone) and + 1 (aglycone) subsite [19, 40] . The binding of the monosaccharide constituting the glycone moiety with the − 1 subsite is realized by interactions with strongly conserved amino acid residues. Conserved His 157 and Asn 201 residues (Lma-p72 numbering) were suggested to interact with the C-2 and C-3 hydroxy groups, whereas Gln 54 and Glu 463 would form hydrogen bonds with the C-4 hydroxy group. Additionally, Trp 456 would form a hydrophobic platform interacting with the C-6 hydroxymethyl group. As this hydrophobic platform should interact similarly with different monosaccharides, the specificity of the − 1 subsite must rely on the spatial distribution of the polar groups (His 157 , Asn 201 , Gln 54 and Glu 463 ) inside that subsite [39] . Subsites + 1 and following would form a cleft containing mainly either hydroxy groups or hydrophobic groups, and would consequently bind preferentially either a hydrophilic oligosaccharide or a hydrophobic aglycone portion respectively [19, 39] .
In L. maderae, Lma-p72 is specific to adult males and the expression of its transcript was confirmed by Northern blotting and in situ hybridization in tergal and sternal glands. The lack of expression of the protein in the midgut was quite surprising compared with the most similar intestinal enzymes (T. molitor β-glycosidase and mammalian LPHs [19] [20] [21] ). LPHs are major enzymes in the small intestine of young suckling mammals and are involved in the digestion of lactose and other glycosidic substrates from the milk [41] [42] [43] [44] [45] [46] [47] [48] . The Lma-p72 active site containing the nucleophile glutamic acid shows a high identity not only with the active site of the domain IV in rat LPH, but also with the active site of the domain III in human LPH. Consequently, at this stage of knowledge, and only on the basis of sequence similarity, a preferential substrate for Lma-p72 cannot be proposed definitely (e.g. lactase-like activity or phlorizin hydrolase-like activity). Furthermore, the digestive β-glycosidase from T. molitor, which is the most similar to Lma-p72, shows weak substrate specificity and is able to hydrolyse disaccharides, the polymer laminarin and alkyl glucosides as well [19] . Such weak substrate specificity is common in digestive enzymes. By contrast, Lma-p72, which is specific to males and expressed only in the abdominal glands, should have a more specific substrate specificity.
In comparison with the PH site of the LPH [41, 50, 51] , Lmap72 could cleave male-specific molecules associated with sugars. Such sugars were recently identified in the tergal secretions of the German cockroach, Blattella germanica [49] . Compounds from the sexual pheromone or cuticular hydrocarbons may be such aglycones, the sugar-associated component constituting a transport form or a precursor. According to this hypothesis, our data showed that Lma-p72 occurs in larger amounts on the sternites, and in situ hybridization showed that Lma-p72 transcript is expressed into the glandular epithelium, which is also responsible for the production of the sex pheromone. Furthermore, our in vivo tests demonstrated a significant inhibition for three of the pheromonal compounds. These results are congruent with the hypothesis of the existence of a glycosidase involved in the production pathways of pheromone components in L. maderae, and Lma-p72 could be a good candidate for this function. Further experiments using more specific inhibitors will be needed to determine the exact role of this protein.
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